Background: Upper abdominal sonography can help physicians to confirm the diagnosis of various hepatobiliary diseases. Teaching sonography skills to medical students is important because it may enhance their level of knowledge and overall development during their gastroenterology section rotation. Sonographic imaging is abstract and students can be easily confused when scanning the abdominal structures from different sites and directions. We used several modern teaching strategies to facilitate the learning of sonography skills. Methods: The year five medical students beginning a gastroenterology section rotation for their first-year clerkship were taught abdominal sonography skills. Abstract sonographic images were related to concrete objects and the surrounding structures were further indicated. Each of the images was given a specific name and was sorted according to the scanning site. A mnemonics system was designed to help students to memorize the names of these images. A badge was created to recognize the achievement of being able to complete a basic upper abdominal sonography. Students were free (i.e., not obligated) to request a demonstration opportunity to show their skills within 2 weeks after receiving tutelage. We recorded the number of students who received training and were able to successfully complete the task; these individuals then received a badge to be pinned onto their white coats. Results: Sixty-three of 68 students (92.6%) requested evaluation and all of them passed. Conclusion: We have greatly simplified the process of learning about upper abdominal sonography by using andragogy to enhance learning, mnemonics to help memory, and a pin-badge reward system to stimulate incentives.
Introduction
Abdominal pain is a common complaint from patients in medical wards and emergency departments. Although physical examination could help physicians to determine the nature of the disease, an imaging study is often required for definitive diagnosis. The noninvasive and informative nature of sonography fulfills the requirement of such a clinical scenario and is the first choice of imaging technique. There have been several studies that tried to investigate the possibility of incorporating sonography use into medical student training. 1e5 In published studies, learning sonography helped students understand anatomic structure. Some studies included sonography training into 1 st -year physical examination courses and found student responses to be positive. 6e8 Even dental or nonmedical students studying basic anatomy benefit from learning about sonography. 9 Teaching sonography to students could enhance their ability to interpret sonographic images 2 and is helpful for medical students to meet formal evaluation standards by observed structured clinical examination (OSCE). 1, 10 Sonography, therefore, is useful in daily clinical practice and may well become the physician's second "stethoscope." 4 Teaching sonography skills will become an essential part of medical education.
There are many difficulties that the students may encounter when studying abdominal sonography. For example, images of sonography are abstract and they change along with the position and direction of the probe; this is commonplace when scanning abdominal organs from the subcostal to intercostal view. In addition, the upside-down sonography imaging of the liver on a subcostal scan also confuses students who are learning this skill. Therefore, designing a teaching strategy to facilitate the learning of sonography skills is required.
According to adult learning theory, adults learn best when they talk to others about their life experiences and relate these experiences to the learning process. In addition, mnemonics techniques provide meaningful connections between informational items that are typically novel or unfamiliar and, therefore, can help to enhance memory.
Therefore, we used a mnemonics strategy to help students memorize the specific images that will sequentially show up when moving the sonography probes from the epigastric and the right hypochondriac and to the left hypochondriac areas. Because the 5 th -year medical students have completed most of their medical lecture courses, we also apply andragogy principles to teach sonography skills, which includes creating a practical and problem centered learning situation, promoting students' positive self -esteem, and integrating new ideas with existing knowledge of students.
Methods

Students
The 5 th -year medical students (1 st -year clerkship) participated in a gastrointestinal section rotation for 2 weeks. They had studied basic (anatomy) and clinical (radiology) medicine during the past 4 years but had no experience in conducting sonography. All of them could recognize the abdominal organs on computed tomography but were unfamiliar with those of sonography. During the 2 weeks of gastroenterology rotation, students had to care for patients who were admitted due to digestive or hepatobiliary problems. Students were taught how to conduct upper abdominal sonography on the 1 st day of arrival at the ward and were allowed unrestricted access to the sonography examination room 24 hours a day, to practice and improve their sonography skills.
Teaching strategies
Strategy one: Using a concrete thing to describe an abstract image The easiest objects to identify on sonography imaging are those containing water. Therefore, we chose the heart, portal vein, gallbladder, hepatic veins, and bile ducts as target objects. We tried to relate the abstract image of these structures to concrete objects. As shown in Fig. 1 , on subcostal scanning, the figure of heart was related to the Chinese script "田"; the left lateral portal vein branch to a deer head; the pancreas, the aorta, and inferior vena cava to Mickey Mouse; the hepatic veins to a duck web; the transverse portal vein and gallbladder to a deer's tail; the transaction of the inferior vena cava to a ball; and the anterior and posterior branch of right portal vein to the hind legs of a deer. Similarly, on intercostal scanning, the main portal vein and gallbladder were related to a snail; and the inferior vena cava and hepatic vein to the stem of a green onion. For example, as shown in Fig. 2 , the transverse portion of left portal vein and the inferior vena cava were related to a deer jumping over a ball.
Strategy two: Using mnemonics to enhance memory In Chinese chivalrous fiction, every set of Kung Fu starts with easily memorable names for every step, as this could allow learners to practice repeatedly until they perfected their skills. Similar to the display of a set of Kung Fu moves, performing a sonography examination is also a psychomotor skill and requires a systematic approach over different sites of the upper abdomen. We divided the scan areas into five sites: (1) the subxiphoid, (2) the epigastric, (3) the right hypochondriac, (4) the intercostal, and (5) the left hypochondriac area, and gave each site specific names for their scanning steps ( Fig. 3) : three steps for each site, except the fifth site. Therefore, we took 13 steps to complete a sonography scan of the upper abdomen and their names were set up as mnemonics (Figs. 1 and 4).
Strategy three: Using a badge to motivate learning Scout badges are worn on the uniforms of scouts in order to signify membership and achievement. By applying this strategy, we designed a pin badge to represent the achievement of students who have effectively learned the sonography skills we were attempting to highlight (Fig. 5) ; this badge was pinned on the white coat of students after we were able to demonstrate a successful complete scanning of upper abdomen on one their classmates after watching related teaching demonstrations.
Evaluation
As a pretest, a random abdominal sonography image was shown before the teaching lecture was delivered, and students were asked if they could identify the image. The students were considered to be competent for upper sonography if they could demonstrate scanning skills sequentially from the first step (starting at the subxiphoid area) to the 13 th step (ending at the left hypochondriac area). The evaluation was not obligatory (students could choose to be either evaluated or not) and students could request evaluation freely once they considered themselves ready for evaluation. A pocket book displaying the related characteristic figures as shown in Fig. 1 was printed out for students to reference, and students were allowed to check it during the demonstration. The total number of students who underwent the sonography course and were approved as competent was recorded to evaluate the efficiency of this teaching method. In addition, as we considered teaching sonography may help to enhance the overall knowledge and competency of medical students in the gastroenterology ward, we also compared feedback scores (on a 1 to 5 Likert scale with scores: 5 ¼ very satisfied, 4 ¼ satisfied, 3 ¼ neutral, 2 ¼ unsatisfied, 1 ¼ very unsatisfied) with that of chest medicine and cardiovascular clerkship, which are the other two sections that the fifth-year students rotated into during the same period of time. Fig. 1 . The 13 images that are expected to be seen when scanning through sites one to five. Students are requested to be able to present these images to demonstrate competence. These 13 images are as follows: (1) the four-chamber view of a heart as it is related to the Chinese script e 田; (2) the image of left portal vein branches as related to a deer head; (3) the images of inferior vena cava, the aorta, and the spine together construct the image of Mickey Mouse; (4) the imaging of three hepatic veins was related to a duck web; (5 and 6) The left portal vein, the gallbladder, and the inferior vena cava assume a picture of a deer jumping over a ball; (7) the half duck web represents the right and middle hepatic veins; (8) the right portal vein branches formed the hind legs of the deer; (9) the liver meets the kidney; (10) the inferior vena cava and the hepatic vein were related to a picture of the stem of a green onion; (11) the intercostal view of inferior vena cava, the gallbladder, and the portal vein were related to a picture of a snail; (12) the kidney meets the liver again; (13) the spleen meets the kidney.
Statistics
Data are expressed as mean AE standard deviation. The differences among rotating sections of clerkship was analyzed by one-way analysis of variance (ANOVA). Significance was assumed when the p value was less than 0.05. Statistical analysis was performed using the SPSS 17.0 for Windows (SPSS Inc., Chicago, IL, USA).
Results
During the 2011 autumn semester (from September 2011 to June 2012), there were a total of 68 5 th -year medical students who joined our upper abdominal sonography course. None of them could indicate the precise name of any abdominal structure shown on the pretest sonography imaging review. Sixty-three of them (92.6%) were issued the achievement badge after only 2 weeks of gastroenterology block rotation.
According to feedback from the students at the end of the internal medicine rotation, the gastroenterology block was ranked as 4.4 AE 0.6 (n ¼ 68), which showed a better trend as compared with the other scores of the entire internal medicine clerkship (4.3 AE 0.6), cardiovascular block (n ¼ 68, 4.1 AE 0.7), and chest medicine block (n ¼ 68, 4.2 AE 0.6) ( p ¼ 0.036, F ¼ 2.898 for one-way ANOVA and p ¼ 0.021 between gastroenterology block and cardiovascular block by post hoc analysis with Tukey honestly significant difference).
Discussion
Albert Einstein once said, "Make everything as simple as possible, but not simpler." Such a principle can also be well applied to medical education. By using andragogy, mnemonics, and an achievement pin-badge, our teaching strategies have successfully allowed inexperienced medical students to be able to perform basic sonography skills in only 2 weeks. Most importantly, the students were not obligated to prove they had successfully learned these skills.
As we know, there are several aspects of adult learning that are worth considering when teaching abdominal sonography to medical students. Adults will commit to learning when the goals and objectives are considered realistic and important. When teaching abdominal sonography during gastroenterology block rotation, they could practice the newly learned skills on their own patients. For example, the students could confirm their patients' diagnoses of biliary obstruction or acute cholecystitis by doing a sonography examination themselves.
The opportunity to have direct, concrete, hands-on experience to apply to real work encourages students and makes them more willing to learn. This approach clearly enhances the students' level of motivation.
Adults bring a background of experience into every learning situation. Therefore, adults can integrate new ideas with their own existing knowledge, to help them recall what they already know that relates to the current topic they are learning. Fifth-year medical students have already studied the anatomy of and radiology related to the abdomen. They were acquainted with the sonography images soon after converting the abstract images into the concrete ones and were able to recognize the target objects and adjacent structures by referring to their "known" knowledge.
The execution of the checklist can reduce complications by more than one-third among patients who underwent urgent noncardiac surgery. 11 Using the checklist can help people avoid making mistakes or missing something and this approach is now being promoted in the larger area of general patient care. Using a checklist to make sure that every aspect of upper abdominal organs is adequately scanned was therefore designed into our sonography teaching program. It is, however, impractical to carry a checklist while examining patients with a sonography probe. By dividing the scan areas into five sites and using mnemonics to name the scanning targets, most of our medical students were able to effectively complete the basic upper abdomen sonography examination.
Adult learning has ego involved. Professional development must be structured to provide support from peers and to reduce the fear of judgment during learning. Just as badges for activity or proficiency awards are given to scouts, scouts have to undertake a large number of activities or to complete a set of criteria in order to wear a badge on their uniforms. The badges, therefore, instill a sense of pride among scouts and give them an added incentive to work or study hard. By pinning badges on the white coats of students, it also provided confidence and a sense of achievement to students thus making them further willing to continue practicing and demonstrating their skills voluntarily.
Although there was no statistical significance, there was clearly a trend that medical students were more satisfied with their learning in the gastroenterology section as compared with other sections in clerkship rotation. We believe that teaching sonography skills would help more students to become competent in caring for patients with gastroenterologic problems; they can confirm their hypothesis of diagnosis by simply doing a sonography themselves.
Our strategies in teaching sonography skills may require more substantiated evidence to validate their efficacy. There are limitations to our results. First, the lack of use of control is a major concern for our study. However, because there was no formal sonography course in the 5 th year of medical education and all students came to learn the skills voluntarily, it is difficult to enlist a portion of the students not associated with this program to be a control group. Second, the number of students involved was limited, and long-term follow-up and results are not available. Third, because this is our first attempt to teach students a sonographic skill, the evaluation of performance was designed simply as a pass/fail model, to confer students the achievement badge and to encourage student participation. However, because the evaluation of performance was not obligatory, with students requesting evaluation only when they felt confident enough to demonstrate their skills, all students passed their evaluation if they requested it. The number of students involved is increasing and we will be able to more effectively evaluate long-term efficacy using a structured evaluation form (such as directly observed procedure skills) when these students come back to the gastroenterology section in their internship rotation. In summary, we succeeded in teaching medical students sonography skills by applying several modern education strategies and thereby enhanced the learning of students in the gastroenterology section.
